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Description

Background of the Invention.

[0001] The presentinvention relates to an extracorpor-
eal blood treatment machine.

[0002] The object of the invention can be used for in-
stance in intensive therapy machines which can carry
out a plurality of different blood treatments.

[0003] Extracorporeal treatments generally consists in
taking blood from the patient, in treating said blood when
it is outside the patient’'s body and then in re-circulating
the blood thus treated.

[0004] The treatment typically consists in removing
from the blood unwanted and/or dangerous substances,
as well as excess liquid in patients who cannot autono-
mously carry out said operations, such as for instances
patients suffering from temporary or permanent kidney
problems,

[0005] For instance, it may be necessary to add or re-
move substances from blood, to keep a correct acid/base
ratio or also to remove fluid excess from the body.
[0006] The extracorporeal treatment is generally ob-
tained by removing blood from the patient, by letting the
blood flow within a filtration unit where a semipermeable
membrane ensures the exchange of suitable substanc-
es, molecules and fluids.

[0007] Generally though not necessarily, said ex-
change is carried out by letting a given biological fluid
ensuring the aforesaid exchanges pass in counter-cur-
rent and within a secondary chamber of the filtration unit.
[0008] It should be noted that currently used machines
can enable different types of blood treatment.

[0009] In the ultrafiltration treatment the substances
and fluids to be eliminated are removed by convection
from the blood, pass through the semipermeable mem-
brane and are led towards the aforesaid secondary
chamber.

[0010] In hemofiltration treatments part of the mole-
cules, substances and fluids present in the blood pass
through the membrane by convection as in the ultrafiltra-
tion treatment, although further necessary elements are
added to the blood; typically a suitable fluid is infused
directly into the blood before or after the latter passes
through the filtration unit and anyhow before it is carried
back into the patient.

[0011] In haemodialysis treatments a fluid containing
material to be transferred into the blood is introduced into
the secondary chamber of the filtration unit. The unwant-
ed material flows through the semipermeable membrane
from the blood into the secondary fluid and the desired
substances/molecules from the secondary fluid can pass
through the membrane as far as the blood.

[0012] In hemodiafiltration treatments the blood and
the secondary fluid exchange their respective substanc-
es/molecules as in haemodialysis and, in addition, a fluid
is infused into the blood as in haemofiltration treatments.
[0013] Obviously, in order to carry out each of said ex-
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tracorporeal blood treatments, the blood has to be re-
moved from a patient’s vein or artery, suitably circulated
in the machine and then re-introduced into the patient.
[0014] Asis also known, blood treatment machines for
intensive therapy have to be ready as fast as possible
for an immediate use for any possible emergency.
[0015] Obviously, to this purpose the machine must
not require either preliminary sanitizing operations or
long pre-assembling operations of the various compo-
nents for the various therapies.

[0016] As is known, intensive therapy machines are
present on the market and are currently used, in which
a blood circuit comprises a line for taking blood from the
patient, which carries said blood to a filtration cartridge,
and an outlet line from the filtration cartridge, which car-
ries the treated blood back into the patient’s body.
[0017] The machine is then equipped with a circuit for
the passage of dialysis fluid; also said circuit has an in-
take line leading into the filtration unit, which is supplied
by a sterile bag containing the dialysis liquid, and has
also an outlet line enabling the passage of a fluid which
has received by convection/diffusion the dangerous sub-
stances and molecules from the blood towards a collec-
tion bag for their subsequent removal.

[0018] Said machine is further equipped with an infu-
sion line allowing - with suitable doses - to transfer directly
into the blood upstream from the filtration unit the content
of another liquid bag, thus adding the necessary products
into the blood.

[0019] A known intensive therapy machine is further
equipped with a suitable syringe containing for instance
heparin as blood anticoagulant, the latter being added to
the blood taken from the patient so as to avoid the cre-
ation of dangerous clots within the circuit.

[0020] The structure and circuitry mentioned above are
generally defined by a single integrated module attached
to the machine body.

[0021] Itisevidentthatinordertoenable theimmediate
use of the machine, the fluid bags referred to above have
to be present and already sterile, so as to be directly and
easily connected to their respective tubes, the latter also
being sterile and disposable.

[0022] The machine is further equipped with a suitable
control unit managing the flow of fluids by means of suit-
able peristaltic pumps and respective sensors associat-
ed to the circuit.

[0023] It is evident that by suitably setting the control
unit said machine can selectively carry out one or more
of the extracorporeal blood treatments described above
(i.e. ultrafiltration, haemofiltration, haemodialysis and
haemodiafiltration).

[0024] The machine described above, though being to-
day quite a vanguard device.for extracorporeal blood
treatments in intensive therapies, has proved to be sus-
ceptible of several improvements.

[0025] In particular, a first intrinsic drawback in inten-
sive therapy machines is related to the limited availability
of fluids for operations involving the exchange of sub-
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stances by convection/diffusion within the filter and for
pre- or post-infusions into the blood line.

[0026] Said limitation is obviously related to the nec-
essary use of pre-packaged sterile fluid bags typically
containing 6 kg of dialysis liquid.

[0027] It is evident that the pre-established fluid
amountto be used imposes some limitations, in particular
in the case of therapies with large exchange of fluids,
which would sometimes be extremely suitable in emer-
gency cases.

[0028] Ontheotherhand, itis notpossible to use larger
fluid amounts in intensive therapies since suitably treated
water taken from the water network cannot be used as
exchange fluid in short times; indeed, this would involve
long operations for installing the devices for incline prep-
aration of sterile liquids; moreover, it is not possible to
use bags with higher amounts of liquids due to the obvi-
ous problems involving transport and management of
said containers by the personnel.

[0029] Itis also known from document US 5366630 an
artificial kidney including an exchanger with two compart-
ments separated by a semi-permeable membrane.
[0030] The first compartment is connected to a circuit
for conveying a blood flow outside the body; a source of
treatment liquid is provided and a control unit selectively
connected the source to either the inlet of the second
compartment of the exchanger or to the blood circuit as
a function of the transmembrane pressure.

[0031] The artificial kidney according to the US patent
also includes a line for providing a perfusion of a buffer
agent into the bloodline.

[0032] The kidney provides optimum purification
equipment for patient suffering from temporary kidney
failure.

[0033] Another problem of known intensive therapy
machines consists in achieving an optimal management
of the administration of anticoagulant substances which
are necessary for a good working of the machine.
[0034] Inparticular, today known intensive therapy ma-
chines cannot manage effectively the use of regional an-
ticoagulation methods, such as for instance citrate-based
methods, since the use of said techniques requires the
administration of further solutions recovering the blood
ion balance before carrying the treated blood back into
the patient’s body.

Summary of the Invention.

[0035] Under these circumstances the present inven-
tion aims at solving basically all the drawbacks referred
to above.

[0036] Afirsttechnical aim of the invention s to provide
physicians with the possibility to manage therapies with
large exchange of fluids using an intensive therapy ma-
chine where, in any case, fluids are housed in small-size
containers.

[0037] A further aim of the present invention is to be
able to manage intensive therapies by using regional an-
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ticoagulation techniques, i.e. acting on the blood only in
the extracorporeal circuit, without having to limit pre-in-
fusion upstream from the filtration unit.

[0038] Moreover, an aim of the present invention is to
enable the substantial separation of the use of regional
anticoagulation techniques from the infusion of fluids for
carrying out the necessary therapeutic exchange (by
convection or diffusion).

[0039] Finally, an auxiliary aim of the presentinvention
is to provide an machine ensuring quite simple and reli-
able loading and installing operations, further enabling
the complete control of the therapy cycles that are carried
out.

[0040] These and other aims, which shall be evident
in the course of the present description, are basically
achieved by an extracorporeal blood treatment machine
as described in the appended claims.

[0041] Further characteristics and advantages will be
clearerfrom the detailed description of a preferred though
not exclusive embodiment of an extracorporeal blood
treatment machine according to the present invention.

Brief Description of the Drawings.

[0042] This description will be given below with refer-
ence to the appended tables, which are provided as a
mere guidance and are therefore not limiting, in which:

- Figure 1 shows schematically a hydraulic circuit to
be used in an intensive therapy machine in accord-
ance with the present invention;

- Figure 2 shows an integrated module comprising a
support element and a portion of the fluid distribution
circuitry, to be used in intensive therapy machines
in accordance with the present invention; and

- Figure 3 shows a machine body in accordance with
the invention.

Detailed Description.

[0043] With reference to the figures mentioned above,
the numeral 1 globally refers to a machine for extracor-
poreal blood treatment, in particular for intensive thera-
pies.

[0044] As can be inferred from the appended table 1,
the machine consists of a blood circuit 3, which takes
blood from a patient, for instance by means of a catheter
introduced into a vein or artery of said patient, and
through at least an inlet line 3 a takes said blood, for
instance continuously, to a filtration unit 2.

[0045] Then the blood passes through a primary cham-
ber of said filtration unit 2 and through an outlet line 3b
the treated blood is carried back to the patient.

[0046] The connection with an auxiliary pre-infusion
line 18 is provided immediately downstream from the
blood collecting zone on the inlet line 3a.
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[0047] In particular, the machine is equipped with at
least a secondary fluid container or bag 20 for supplying
the pre-infusion line 18; by using corresponding means
for conveying fluid, comprising an auxiliary pre-infusion
pump 19, a peristaltic pump, it is possible to control the
fluid flow within said line by introducing said fluid directly
into the blood by means of a direct connection to the inlet
line 3a.

[0048] Generally, the secondary fluid container 20 can
house a suitable biological fluid for a pre-infusion, how-
ever said bag 20 can also contain an anticoagulant, gen-
erally causing a regional anticoagulation so as to ensure
a particular working of the machine as shall be explained
below in further detail.

[0049] After defining a direction of blood circulation 22
from the inlet line 3 a towards the filtration unit and from
the latter through the outlet line 3b towards the patient,
a known blood pressure sensor 34, which shall not be
described in further detail, is placed immediately down-
stream from the auxiliary pre-infusion line 18.

[0050] The blood circuit 3 therefore comprises means
for conveying fluid, i.e. in this particular case at least a
blood pump 21 for controlling and managing the suitable
blood flow in the circuit. Also the blood pump 21 is gen-
erally a peristaltic pump.

[0051] Following the direction of blood circulation 22,
there is then a device 35 for administering an anticoag-
ulant, for instance a syringe containing suitable doses of
heparin.

[0052] The blood then passes through another pres-
sure sensor 36 controlling the correct flow within the
blood circuit.

[0053] After passing through a main chamber of the
filtration unit 2, where the suitable exchanges of sub-
stances, molecules and fluids occur by means of a sem-
ipermeable membrane, the treated blood enters the out-
let line 3b first passing though a gas separating device
(generally air) 12 commonly known as "bubble trap", de-
signed so as to ensure the detection and removal of sub-
stances or air bubbles present in the blood.

[0054] The treated blood getting out of the separating
device 12 then passes through an air bubble sensor 37
verifying the absence of said dangerous formations with-
in the treated blood that has to be re-introduced in the
patient’s blood circulation.

[0055] Immediately downstream from the bubble sen-
sor 37 there is an element 38 which, in case of alarm,
can block the blood flow towards the patient.

[0056] Inparticular, should the bubble sensor 37 detect
the presence of anomalies in the blood flow, the machine
through the element 38 (be it a tap, a clamp or similar)
would be able to block immediately the passage of blood
so as to avoid any consequence to the patient.

[0057] Downstream from said element 38 the treated
blood is then carried back to the patient undergoing ther-
apy.

[0058] The extracorporeal blood treatment machine

shown above is then equipped with a fluid circuit 4, which
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is also provided with at least an inlet line 4a leading into
the filtration unit 2 and with an outlet line 4b from the
filtration unit.

[0059] At least a primary fluid container 5 is designed
to supply the inlet line 4a of the fluid circuit 4 (generally
the primary fluid container 5 shall consist of a bag con-
taining a suitable dialysis liquid).

[0060] Theinletline 4a then comprises means for con-
veying fluid such as atleasta pump 9 (in the embodiment
shown a peristaltic pump) for controlling the flow of liquid
from the bag 5 and for defining a direction of circulation
10.

[0061] Downstream from the pump 9 in the direction
of circulation 10 there is a branching 17 splitting the fluid
circuit 4 up into an intake branch 15 and an infusion
branch 8.

[0062] In particular, the infusion branch 8 is connected
to the outlet line 3b of the blood circuit 3.

[0063] Inotherwords, by means of saidinfusion branch
8 it is possible to obtain a post-infusion directly in the
blood line using the content of the primary fluid container
5.

[0064] Conversely, the intake branch 15 conveys the
fluid directly to the filtration unit and in particular to a
secondary chamber of said unit.

[0065] The fluid circuit 4 is further equipped with se-
lecting means 16 for determining the percentages of fluid
flow within the infusion branch 8 and the intake branch 15.
[0066] Generally said selecting means 16, usually
placed near the branching 17, can be positioned at least
between a first operating condition in which they allow
the passage of fluid in the intake branch 15 and block
the passage in the infusion branch 8, and a second op-
erating condition in which they allow the passage of fluid
in the infusion branch 8 and block the passage in the
intake branch 15.

[0067] In other words, said selecting means 16 can
consist of a valve element operating on the fluid circuit 4
by alternatively blocking the passage of fluid in either
branch.

[0068] It is also evident that it might be provided for
suitable selectors, which are able to establish a priori the
amount of liquid that has to pass through both branches
simultaneously.

[0069] It will also be possible to vary the percentages
of fluid in either branch as a function of time and of the
pre-established therapies.

[0070] The dialysis liquid through the intake branch 15
gets into a secondary chamber of the filtration unit 2.
[0071] In particular, the primary chamber through
which the blood flow passes is separated from the sec-
ondary chamber through which the dialysis liquid passes
by means of a semipermeable membrane ensuring the
suitable passage of the dangerous substances/mole-
cules and of fluid from the blood towards the dialysis liquid
mainly by means of convection and diffusion processes,
and also ensuring through the same principles the pas-
sage of substances/molecules from the dialysis liquid to-
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wards the blood.

[0072] The dialysis fluid then gets into the outlet line
4b and passes through a suitable pressure sensor 39
whose function is to control the working of said line.
[0073] Then there are means for conveying fluid, for
instance a suction pump 28 controlling the flow in the
outlet line 4b within the fluid circuit 4. Also said pump will
generally be a peristaltic pump.

[0074] The fluid to be eliminated then passes through
a blood detector and is conveyed into a collection con-
tainer or bag 27.

[0075] Further analyzing the particular circuit of the
machine according to the invention, note the presence
of at least another infusion line 6 acting on the outlet line
3b of the blood circuit 3.

[0076] In particular, the infusion fluid is taken from at
least an auxiliary container 7 and is sent directly to the
outlet line 3b of the blood circuit 3 through means for
conveying fluid, generally an infusion pump 13 controlling
its flow (a peristaltic pump).

[0077] In particular and as can be observed in the ap-
pended figure, the infusion liquid can be introduced di-
rectly into the gas separating device 12.

[0078] As can also be inferred, the infusion branch 8
of the fluid circuit 4 and the infusion line 6 are equipped
with a common end length 11 letting into the blood circuit
3.

[0079] Saidintake endlength 11 is placed downstream
from the infusion pump 13 with respect to a direction of
infusion 14 and carries the fluid directly into the bubble
trap device 12.

[0080] Further referring to the diagram in Figure 1, one
can notice the presence within the infusion line 6 of at
least a pre-infusion branch 23 connected to an inlet line
3a of the blood circuit 3.

[0081] In further detail, downstream from the infusion
pump 13 with respect to the direction of infusion 14, there
is a branching 26 splitting the infusion line 6 up into pre-
infusion branch 23 and post-infusion branch 24.

[0082] The pre-infusionbranch 23, in particular, carries
the fluid taken from the bag 7 on the inlet line 3a of the
blood circuit downstream from the blood pump 21 with
respect to the direction of circulation 22.

[0083] Conversely, the post-infusion branch 24 is con-
nected directly to the common end length 11.

[0084] The infusion line 6 further comprises selecting
means 25 for determining the percentage of liquid flow
to be sent to the post-infusion branch 24 and to the pre-
infusion branch 23.

[0085] The selecting means 25 placed near the
branching 26 can be positioned between at least a first
operating condition in which they allow the passage of
fluid in the pre-infusion branch 23 and block the passage
in the post-infusion branch 24, and at least a second op-
erating condition in which they allow the passage of fluid
in the post-infusion branch 24 and block the passage in
the pre-infusion branch 23.

[0086] Obviously, asinthe case ofthe selecting means
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16 present on the fluid circuit 4, also the other selecting
means 25 will be able to determine the percentage of
fluid that has to pass in each of the two branches and to
possibly vary it in time in accordance with the planned
therapies. Moreover, the selecting means 16 and the oth-
er selecting means 25 will generally though not neces-
sarily be of the same nature.

[0087] The machine is then equipped with means 29
for determining at least the weight of the primary fluid
container 5 and/or of the auxiliary fluid container 7 and/or
ofthe secondary fluid container 20 and/or of the collection
container 27.

[0088] In particular, said means 29 comprise weight
sensors, for instance respective scales 30, 31, 32 and
33 (at least an independent one for each fluid bag asso-
ciated to the machine).

[0089] In particular, there will be at least 4 of said
scales, each pair being independent from the other, and
each one measuring the respective weight of a bag.
[0090] It should then be pointed out that there is a
processing unit or CPU 40 acting on the blood circuit 3
and in particular on the pressure sensor 34, on the blood
pump 21, on the device 35 for heparin infusion, on the
other pressure sensor 36, and on the device for detecting
the presence of air bubbles 37 and on its respective clos-
ing element 38.

[0091] Said CPU 40 has also to control the fluid circuit
4 and, in particular, shall be input with the data detected
by the scales 30 and concerning the weight of the bag 5
and shall act on the pump 9, on the selecting means 16,
on the pressure sensor 39, then on the suction pump 28
and shall eventually receive the data detected by the
scales 33 whose function is to determine the weight of
the collection container 27.

[0092] The CPU 40 shall also act on the infusion line
6 checking the weight of the auxiliary container 7
(checked by the scales 31) and will be able to control
both the infusion pump 13 and the other selecting means
26.

[0093] Eventually, the CPU 40 shall also act on the
auxiliary pre-infusion line 18 detecting the weight of the
secondary fluid container 20 by means of the scales 32
and suitably controlling the pump 19 according to the
treatments to be carried out.

[0094] Reminding thatthe above description has been
made with the sole purpose of describing the whole of
the hydraulic circuit of the extracorporeal blood treatment
machine, here is a short description of the working of the
device.

[0095] Once the whole hydraulic circuitand the filtering
unit 2 have been correctly associated to the machine so
that the various peristaltic pumps engage the respective
lengths of tubes and that all the sensors have been suit-
ably positioned, and the various bags containing the var-
ious fluids have been associated to the corresponding
liquid supply/intake lines, and the blood circuit has been
connected to a patient’s artery/vein, the initial circulation
of blood within its circuit is enabled.
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[0096] Therefore, according to the kind of therapy that
has been set, the extracorporeal blood treatment ma-
chine is automatically started and controlled by the
processing unit 40.

[0097] If the patient undergoes an ultrafiltration treat-
ment, as well as the blood pump 21 the suction pump 28
connected to the outlet line of the fluid circuit 4 is started,
so as to take by convection a fluid excess in the patient
by means of the filtration unit.

[0098] Conversely, if the therapy that has been set
comprises a haemofiltration treatment, as well as the
blood pump 21 and the suction pump 28 for taking fluids
by convection also the pump 9 on the inlet line of the fluid
circuit 4 and the selecting means 16 placed so as to en-
able a post-infusion are started.

[0099] Also the infusion line 6 shall be used so as to
enable a further addition of liquids to the post-infusion or
to enable a suitable pre-infusion.

[0100] Conversely, if the treatment involves haemodi-
alysis, the pumps 9 and 28 of the fluid circuit 4 shall be
started and the selecting means 16 shall be positioned
so as to ensure the passage of the dialysis liquid only
towards the filtration unit 2 so as to take substances
and/or molecules and/or liquids by diffusion and possibly
by convection if the transmembrane pressure through
the filtration unit is other than zero.

[0101] Eventually,ifa haemodiafiltration treatmenthas
to be carried out, beyond the blood pump 21 the fluid
circuit and therefore the pumps 9 and 28 shall be started,
so as to ensure a circulation of the liquid within the filtra-
tion unit 2 and also the pump 14 of the infusion line 6
shall be started so as to ensure a pre- or post-infusion.
[0102] It will be possible to set up therapies comprising
one or more of the treatments referred to above.

[0103] In all the treatments described above, possibly
except the ultrafiltration treatment, it will be possible to
use the auxiliary pre-infusion line for introducing an an-
ticoagulantand/or a suitable infusion liquid into the blood.
[0104] The anticoagulant can also be administered by
means of the suitable device 35 designed for the intro-
duction of heparin into blood.

[0105] Concerning this it should be pointed out that the
machine according to the invention is designed to receive
various kinds of syringes according to the amount of an-
ticoagulant to be administered.

[0106] Obviously, it is the control unit 40 that, being
connected to the various devices, sensors, pumps and
being input with the data on weight from the scales, is
able - once it is set - to control and automate the whole
working of the machine.

[0107] In further detail, it is possible to set the flows of
the various pumps present on the machine in accordance
with the therapy or therapies to be started.

[0108] Obviously, the setting of said flows results in an
amount of fluid taken from the patient (weightloss), which
will generally be given by the difference between the
weight of the liquid that has been collected in the bag 27
and of the liquid circulated in the circuit through the pri-
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mary fluid container 5, the auxiliary fluid container 7 and
the secondary fluid container 20.

[0109] In particular, in accordance with the data re-
ceived by the control unit coming from the various scales
(and the theoretical flow rates fixed on each pump of
therapy/treatment carried out) the control unit 40 shall
control the means for circulating fluid in the various lines
by suitably varying the thrust exerted by the various
pumps 9, 13, 19, 21 and 28.

[0110] Inparticular, the signals coming from the scales
referred to above 30, 31, 32, 33 are used by the control
unit 40 for determining the weight of the particular fluid
introduced into the line or collected.

[0111] In order to determine the amount of fluid re-
leased or collected in a particular bag or container the
control unit 40 compares at regular intervals (the greater
the flows the smaller the intervals) the actual weight of
the container with the desired weight (which is a direct
function of the desired flow for each pump and of the time
interval between each control step AW = Q At).

[0112] The desired weight can be calculated as a func-
tion of the required flow (stored in a suitable storage unit
of the computer) and of the time elapsed from the begin-
ning of the treatment.

[0113] Ifthe actual weight and the desired weight differ
from each other, the control unit acts on the correspond-
ing pump so as to reduce, and possibly cancel, said dif-
ference. Inother words, during each cycle notan absolute
weight variation, but only the variation in the time interval
is taken into consideration to correct the latter.

[0114] The control unit takes into consideration varia-
tions in the difference starting from the last comparison,
so as to avoid oscillations of the actual flow around the
desired flow.

[0115] Reminding that the above description has been
carried out with the sole purpose of providing a general
view of the blood treatment machine and of the hydraulic
circuit thereto associated, it should be noted that gener-
ally the whole machine shall comprise a body 58 (see in
particular Figure 3) designed to integrate all instruments
and devices to be used several times in different treat-
ments on one or more patients.

[0116] In particular, the machine body 58, beyond the
whole electronic control circuitry (processing unit40, data
input and reading display, pressure sensors 34, 36,
39, ...) shall also have oniits front surface the blood pump
21, the fluid pump 9, the infusion pump 13 and the aux-
iliary pre-infusion pump 19.

[0117] Conversely, the parts of the machine that are
designed to be used only once for each treatment on the
patient, generally in the course of an intensive therapy,
shallbe housed in a corresponding disposable integrated
module 41 to be attached directly onto the machine body
58.

[0118] As shownin Figure 2, the integrated module 41
for blood treatment has a support element 42 consisting
of a main body 52 and of a supporting structure 44 as-
sociated, for instance as one piece, to the main body and
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placed laterally with respect to the latter.

[0119] Saidintegrated module further comprises a fluid
distribution circuitry 43 (represented only partially in the
appended Figure 2) associated to said support element
42 and cooperating with the filtration unit 2 so as to carry
out the hydraulic circuit previously described.

[0120] In particular, itis possible to note how the main
body 52 defines a housing compartment designed to re-
ceive the respective U-arranged lengths of tubes of the
circuitry, which are kept in position so as to be ready to
cooperate with the respective peristaltic pumps housed
by the machine body 58.

[0121] As can be observed, the blood circuit 3 and in
general the inlet line 3a of the blood circuit 3 is fastened
by means of connectors to a side wall of the main body
52, in the same way as also the inlet line 4a of the fluid
circuit 4 and the outlet line 4b of the fluid circuit 4 are
secured to the main body 52.

[0122] Also the infusion line 6 and the auxiliary pre-
infusion line 18 are secured to the main body 52 (see
again Figure 2).

[0123] All the portions of lines referred to above are
secured to the supportelement 42 so as to define at least
a corresponding U-arranged length of tube with respect
to said support element 42 and so that each of said U-
lengths can cooperate with the corresponding peristaltic
pump housed in the machine body.

[0124] Going into further constructive details, it can be
noted how the support structure 44 comprises a position-
ing fin 45 provided with a given number of main seats
46a, 46b, 46¢, 46d and 46e suitably placed so that re-
spective tubes of the fluid distribution circuit 43 associ-
ated to the support element can be engaged therein.
[0125] As can be further observed, the inlet line 4a of
the fluid circuit 4 is fastened to the main body 52 on the
support structure 44.

[0126] As a matter of fact, at least an inlet length 47 is
kept in position by the support structure 44 by means of
a main seat 46¢ of the positioning fin 45 and by a corre-
sponding connector 48 defined on the main body.
[0127] The outlet length 49 of the fluid circuit 4 is en-
gaged in its turn with the respective engagement con-
nector 50 and with the main seat 46a of the positioning
fin 45.

[0128] As can be noted from the arrangement shown,
the inlet and outlet lengths 47 and 49 engaged to their
respective connectors 48, 50 and with the main seats
46¢ and 46a are placed in a substantially rectilinear ar-
rangement and are parallel one to the other.

[0129] It should then be pointed out that the outlet
length 49 has a branching 17 splitting up into intake
branch 15 designed to convey the fluid to the filtration
unit, and infusion branch 8 designed to convey the fluid
to the blood circuit 3.

[0130] Said branching 17 cannot be seen in Figure 2
since it is defined by the engagement connector 50 on
the opposite side with respect to the one shown in said
figure.
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[0131] Inother words, the connector 50 has a basically
T shape, whose two outlets are connected to the intake
branch 15 and to the infusion branch 8.

[0132] The infusion branch 8 is further secured to an
auxiliary seat 51 of the support structure and to another
main seat 46b.

[0133] When engaged the infusion branch 8 and the
intake branch 15 are placed in a rectilinear arrangement
and are parallel one to the other.

[0134] Also the infusion line 6 is fastened to the main
body 52 on the support structure 44.

[0135] At least an outlet length 53 of the infusion line
6 is engaged to a main seat 46d of the positioning fin and
to a respective engagement connector 54.

[0136] Analogously to the above description, also the
outlet length 53 of the infusion line 6 has a branching 26
splitting up into pre-infusion branch 23 designed to con-
vey the fluid to the inlet line 3a of the blood circuit 3, and
post-infusion branch designed to convey the fluid to the
outlet line 3b of the blood circuit 3.

[0137] Here again the branching 26 is not shown in
Figure 2 since it is defined by the T-shaped connector
54, one of whose outlets can be seen only on the opposite
side with respect to the one shown.

[0138] The pre-infusionbranch23issecuredtoanaux-
iliary seat 55 of the support structure and to another main
seat 46e of the fin 45.

[0139] Said arrangement enables to have pre-infusion
branch 23 and post-infusion branch 24 in rectilinear con-
figuration and parallel one to the other.

[0140] It should now be observed that the selecting
means 16 previously defined act by enabling or blocking
the passage of fluid in the infusion branch 8 and/or in the
intake branch 15 exactly on the rectilinear lengths defined
on the support structure 44.

[0141] In particular, said selecting means 16 can be
defined by suitable cams or clamps.

[0142] The example of embodiment shown provides
for a moving element 56, which as a result of its move-
ment blocks either the infusion branch 8 or the intake
branch 15.

[0143] Said moving element 56 is generally mounted
directly onto the machine body 58 and has been shown
with a mere explicative purpose and with a hatched line
in the appended Figure 2.

[0144] Wholly similarly, the other selecting means 25
can comprise a moving element 57 acting on the pre-
infusion branch 23 or on the post-infusion branch 24 for
selectively blocking or enabling the passage of fluid.
[0145] Here again said moving element 57 has been
shown by way of example in Figure 2; however, it should
be noted that generally said element is mounted directly
onto the machine body 58.

[0146] The invention has important advantages.
[0147] It is obvious that the use of a hydraulic circuit
enabling a passage of the dialysis fluid within the filtration
unit or selectively towards a post-infusion by using the
same liquid coming from the primary fluid bag 5, allows
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to manage therapies with a large volume of fluids, par-
ticularly in intensive therapy machines where anyhow
said fluids are housed in small bags.

[0148] As a matter of fact, it will be possible to carry
out a pre- and/or post-infusion into the blood line using
the fluid of the primary container 5 and of the auxiliary
container 7, thus carrying out for instance a more intense
ultrafiltration.

[0149] Moreover, the presence of a branching also on
the infusion line allows to manage therapies with regional
anticoagulation techniques without limiting the possibili-
ties of dialysis pre-filter infusion in any way.

[0150] When regional anticoagulation techniques are
used, such as for instances the use of citrates, it is always
necessary, before carrying the treated blood back into
the patient, to administer to the latter suitable substances
(for instance calcium) for recovering the ion balance in
the blood.

[0151] It is obvious that the elimination/balance of the
anticoagulant substances should be carried out down-
stream from the filtration unit, for instance by means of
the post-infusion line.

[0152] Inthe machine according to the invention, how-
ever, in order to balance the ions in the returned blood it
will be possible to use directly the fluid circuit by intro-
ducing a suitable reagent into the primary fluid bag 5 and
by using the inlet line 4a for carrying out the post-infusion
through the infusion branch 8.

[0153] The infusion line 6 shall thus enable to carry out
pre-infusions, ensuring the optimal working of the ma-
chine also during this kind of treatments.

[0154] Therefore, the particular arrangement of the
pre- and post-infusion lines and of the dialysis lines en-
ables - also in intensive therapy machines where all the
various fluids are contained in small bags - to carry out
all the necessary therapies/treatments, thus eliminating
the operational limits present in known machines.

Claims

1. Extracorporeal blood treatment machine compris-
ing:

- at least one filtration unit (2);

- a blood circuit (3) having at least one inlet line
(3a) leading to the filtration unit and one outlet
line (3b) from the filtration unit, the blood circuit
(3) comprising at least one blood pump (21) for
controlling the flow of blood in the circuit;

- a fluid circuit (4) having at least one inlet line
(4a) leading to the filtration unit and one outlet
line (4b) from the filtration unit, the inletline (4a)
of the fluid circuit (4) comprises at least one in-
fusion branch (8) connected to the blood circuit
3)

- at least one infusion line (6) connected to the
blood circuit (3);
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- atleastone primary fluid container (5) connect-
ed so as to supply the inlet line (4a) of the fluid
circuit (4);

- a peristaltic infusion pump (13), for controlling
the fluid flow in the infusion line (6);

- at least one auxiliary fluid container (7) for sup-
plying said infusion line (6),

characterized in that it further comprises:

- an auxiliary pre-infusion line (18) connected to
the inletline (3a) of the blood circuit (3), the pre-
infusion line (18) oprating upstream from the
blood pump (21) with respect to a direction of
blood circulation (22), the auxiliary pre-infusion
line (18) comprising at least one peristaltic aux-
iliary pre-infsion pump 19 for controlling the fluid
flow and

- at least a secondary fluid container (20) for
supplying said auxiliary pre-infusion line (18).

Machine according to claim 1, characterized in that
the infusion line (6) is connected to the outlet line
(3b) of the blood circuit (3).

Machine according to claim 1, characterized in that
the infusion branch (8) is connected to the outlet line
(3b) of the blood circuit (3).

Machine according to claim 1, characterized in that
the inlet line (4a) of the fluid circuit (4) comprises
means for conveying fluid, for instance at least one
inlet line pump (9), for controlling the fluid flow.

Machine according to claim 4, characterized in that
the infusion branch (8) of the fluid circuit (4) is placed
downstream from said inlet line pump (9) with re-
spect to a direction of circulation of the fluid (10).

Machine according to any of the preceding claims,
characterized in that the infusion branch (8) of the
fluid circuit (4) and the infusion line (6) are equipped
with a common end length (11) letting into the blood
circuit (3).

Machine according to any of the preceding claims,
characterized in thatitfurther comprises a gas sep-
arating device (12) engaged on the outlet line (3b)
of the blood circuit (3).

Machine according to claim 7 when dependent on
claim 6, characterized in that the intake end length
(11) infuses the fluid directly into said separating de-
vice (12).

Machine according to claim 6, characterized in that
the common intake end length (11) is placed down-
stream from the infusion pump (13) with respect to



10.

1.

12.

13.

14.

15.

16.

17.

18.

15
a direction of infusion (14).

Machine according to any of the preceding claims,
characterized in that the inlet line (4a) of the fluid
circuit (4) comprises an intake branch (15) leading
to the filtration unit (2), said fluid circuit (4) further
comprising selecting means (16) for determining the
percentages of fluid flow within the infusion branch
(8) and the intake branch (15).

Machine according to claim 10, characterized in
that the selecting means (16) are placed near a
branching (17) of the fluid circuit (4) splitting up into
intake branch (15) and infusion branch (8).

Machine according to claim 10 or 11, characterized
in that the selecting means (16) can be positioned
at least between a first operation condition in which
they allow the passage of fluid in the intake branch
(15) and block the passage in the infusion branch
(8), and a second operating condition in which they
allow the passage of fluid in the infusion branch (8)
and block the passage in the intake branch (15).

Machine according to claim 1, characterized in that
the secondary fluid container (20) supplying the aux-
iliary pre-infusion line (18) is designed to contain an
anticoagulant.

Machine according to any of the preceding claims,
characterized in that the infusion line (6) further
comprises at least a pre-infusion branch (23) con-
nected to the inlet line (3a) of the blood circuit (3).

Machine according to claim 14, characterized in
that the pre-infusion branch (23) operates down-
stream from the blood pump (21) with respect to a
direction of blood circulation (22).

Machine according to claim 14, characterized in
that the pre-infusion branch (23) is placed down-
stream from the infusion pump (13) with respect to
a direction of infusion (14).

Machine according to claim 14, characterized in
that the infusion line (6) comprises a post-infusion
branch (24) connected to the outlet line (3b) of the
blood circuit (3), said infusion line (6) further com-
prising other selecting means (25) for determining
the percentage of flow within the post-infusion
branch (24) and the pre-infusion branch (23).

Machine according to claim 17, characterized in
that the other selecting means (25) are placed near
a branching (26) of the infusion line splitting up into
pre-infusion branch (23) and post-infusion branch
(24).
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Machine according to claim 17, characterized in
that the other selecting means (25) can be posi-
tioned at least between a first operation condition in
which they allow the passage of fluid in the infusion
branch (23) and block the passage in the post-infu-
sion branch (24), and at least a second operating
condition in which they allow the passage of fluid in
the post-infusion branch (24) and block the passage
in the infusion branch (23).

Machine according to claim 17 when dependent on
claim 6, characterized in that the pre-infusion
branch (23) starts from the post-infusion branch (24)
upstream from the common end length (11) with re-
spect to a direction of infusion (14).

Machine according to any of the preceding claims,
characterized in that it further comprises a collec-
tion container (27) engaged to the outlet line (4b) of
the fluid circuit (4).

Machine according to any of the preceding claims,
characterized in that the outlet line (4b) of the fluid
circuit (4) further comprises means for circulating flu-
id, for instance an outlet line pump (28), for control-
ling the flow within the fluid circuit.

Machine according to any of the preceding claims,
characterized in that it further comprises means
(29) for determining the weight of at least said pri-
mary fluid container (5).

Machine according to any of the preceding claims,
characterized in that it further comprises means
(29) for determining the weight of at least said aux-
iliary fluid container (7).

Machine according to claim 1, characterized in that
it further comprises means (29) for determining the
weight of at least said secondary fluid container (20).

Machine according to claim 21, characterized in
that it further comprises means (29) for determining
the weight of at least said collection container (27).

Machine according to any of the claims 23 to 26,
characterized in that said means (29) for determin-
ing the weight comprise at least four respective
scales (30 ; 31; 32; 33).

Machine according to any of the preceding claims,
characterizedinthatit further comprises a process-
ing unit (40) acting on the blood circuit (3), on the
fluid circuit (4) and on the infusion line (6), thus al-
lowing their respective flows to be controlled.

Machine according to claim 28, characterized in
that the processing unit (40) acts on the auxiliary
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pre-infusion line (18).

Machine according to claim 28, characterized in
that the processing unit (40) acts by controlling the
inlet line pump (9) and/or the infusion pump (13)
and/or the blood pump (21) and/or the outlet line
pump (28) and/or the auxiliary pre-infusion pump
(19).

Machine according to claim 28 when depending on
claim 17 when dependent 10, characterized in that
the processing unit (40) acts on the selecting means
(16) and/or on the other selecting means (25).

Machine according to claim 28 when depending on
claim 27, characterized in that the processing unit
(40) is input with a signal concerning the weights
detected by the means (29), and in particular a
weight signal detected by the scales (30; 31; 32; 33).

Machine according to claim 28, characterized in
that the processing unit (40) acts on the pressure
sensors (34,36, 39) and possibly on the bubble sen-
sor (37) and on the flow closing element (38), and
for instance also on the device (35) for administering
heparin.

Patentanspriiche

1.

Extrakorporale Blutbehandlungsmaschine, umfas-
send:

- mindestens eine Filtereinheit (2);

- einen Blutkreislauf (3) mitmindestens einer zur
Filtereinheit flihrenden Eingangsleitung (3a)
und einer Ausgangsleitung (3b) aus der Filter-
einheit, wobei der Blutkreislauf (3) mindestens
eine Blutpumpe (21) umfasst, um den Blutfluss
im Kreislauf zu steuern;

- einen Fluidkreislauf (4) mit mindestens einer
zur Filtereinheit fihrenden Eingangsleitung (4a)
und einer Ausgangsleitung (4b) aus der Filter-
einheit, wobei die Eingangsleitung (4a) des Flu-
idkreislaufs (4) mindestens eine Infusionsver-
zweigung (8) umfasst, die mit dem Blutkreislauf
(3) verbunden ist;

- mindestens eine Infusionsleitung (6), die mit
dem Blutkreislauf (3) verbunden ist,

- mindestens einen primaren Fluidbehalter (5),
der so verbunden ist, dass er die Eingangslei-
tung (4a) des Fluidkreislaufs (4) versorgt;

- eine peristaltische Infusionspumpe (13), um
den Fluidfluss in der Infusionsleitung (6) zu steu-
ern;

- mindestens einen zusatzlichen Fluidbehalter
(7) zur Versorgung der genannten Infusionslei-
tung (6),
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dadurch gekennzeichnet, dass sie weiter umfasst:

- eine zusatzliche Vorinfusionsleitung (18), die
mit der Eingangsleitung (3a) des Blutkreislaufs
(3) verbunden ist, wobei die Vorinfusionsleitung
(18) stromaufwarts der Blutpumpe (21) wirkt,
beziglich einer Blutumlaufrichtung (22), wobei
die zusatzliche Vorinfusionsleitung (18) mindes-
tens eine zusatzliche peristaltische Vorinfusi-
onspumpe (19) umfasst, um den Fluidfluss zu
steuern, und

- mindestens einen sekundaren Fluidbehalter
(20) zur Versorgung der genannten zusatzli-
chen Vorinfusionsleitung (18).

Maschine nach Anspruch 1, dadurch gekennzeich-
net, dass die Infusionsleitung (6) mit der Ausgangs-
leitung (3b) des Blutkreislaufs (3) verbunden ist.

Maschine nach Anspruch 1, dadurch gekennzeich-
net, dass die Infusionsverzweigung (8) mit der Aus-
gangsleitung (3b) des Blutkreislaufs (3) verbunden
ist.

Maschine nach Anspruch 1, dadurch gekennzeich-
net, dass die Eingangsleitung (4a) des Fluidkreis-
laufs (4) Mittel zur Fluidférderung umfasst, zum Bei-
spiel mindestens eine Eingangsleitungspumpe (9),
um den Fluidfluss zu steuern.

Maschine nach Anspruch 4, dadurch gekennzeich-
net, dass die Infusionsverzweigung (8) des Fluid-
kreislaufs (4) stromabwarts der genannten Ein-
gangsleitungspumpe (9) angeordnet ist, bezlglich
einer Umlaufrichtung des Fluids (10).

Maschine nach irgendeinem der vorherigen Anspru-
che, dadurch gekennzeichnet, dass die Infusions-
verzweigung (8) des Fluidkreislaufs (4) und die In-
fusionsleitung (6) mit einem gemeinsamen Endteil
(11) versehen sind, der in den Blutkreislauf (3) fihrt.

Maschine nach irgendeinem der vorherigen Anspru-
che, dadurch gekennzeichnet, dass sie weiter ei-
ne Gastrennvorrichtung (12) umfasst, die an der
Ausgangsleitung (3b) des Blutkreislaufs (3) in Ein-
griff steht.

Maschine nach Anspruch 7, wenn er vom Anspruch
6 abhangig ist, dadurch gekennzeichnet, dass der
Einlassendteil (11) das Fluid direkt in die genannte
Trennvorrichtung (12) infundiert.

Maschine nach Anspruch 6, dadurch gekennzeich-
net, dass der gemeinsame Einlassendteil (11)
stromabwarts der Infusionspumpe (13) angeordnet
ist, bezliglich einer Infusionsrichtung (14).
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Maschine nach irgendeinem der vorherigen Anspri-
che, dadurch gekennzeichnet, dass die Eingangs-
leitung (4a) des Fluidkreislaufs (4) eine Einlassver-
zweigung (15) umfasst, die zur Filtereinheit (2) fihrt,
wobei der genannte Fluidkreislauf (4) weiter Aus-
wahlmittel (16) umfasst, um die Anteile des Fluid-
flusses in der Infusionsverzweigung (8) und der An-
saugverzweigung (15) zu bestimmen.

Maschine nach Anspruch 10, dadurch gekenn-
zeichnet, dass die AuswahImittel (16) neben einem
Verzweigungspunkt (17) des Fluidkreislaufs (4) an-
geordnet sind, der sich in Ansaugverzweigung (15)
und Infusionsverzweigung (8) teilt.

Maschine nach Anspruch 10 oder 11, dadurch ge-
kennzeichnet, dass die Auswahlmittel (16) mindes-
tens zwischen einer ersten Betriebsbedingung, in
welcher sie den Fluiddurchgang in der Ansaugver-
zweigung (15) ermdglichen und den Durchgang in
der Infusionsverzweigung (8) sperren, und einer
zweiten Betriebsbedingung, in welcher sie den Flu-
iddurchgang in der Infusionsverzweigung (8) ermdg-
lichen und den Durchgang in der Ansaugverzwei-
gung (15) sperren, positioniert sein kdnnen.

Maschine nach Anspruch 1, dadurch gekennzeich-
net, dass der sekundare Fluidbehalter (20), der die
zusatzlichen Vorinfusionsleitung (18) versorgt, zum
Enthalten eines Antikoagulans ausgelegt ist.

Maschine nach irgendeinem der vorherigen Anspri-
che, dadurch gekennzeichnet, dass die Infusions-
leitung (6) weiter mindestens eine Vorinfusionsver-
zweigung (23) umfasst, die mit der Eingangsleitung
(3a) des Blutkreislaufs (3) verbunden ist.

Maschine nach Anspruch 14, dadurch gekenn-
zeichnet, dass die Vorinfusionsverzweigung (23)
stromabwarts der Blutpumpe (21) wirkt, bezlglich
einer Blutumlaufrichtung (22).

Maschine nach Anspruch 14, dadurch gekenn-
zeichnet, dass die Vorinfusionsverzweigung (23)
stromabwarts der Infusionspumpe (13) angeordnet
ist, bezlglich einer Infusionsrichtung (14).

Maschine nach Anspruch 14, dadurch gekenn-
zeichnet, dass die Infusionsleitung (6) eine Nach-
infusionsverzweigung (24) umfasst, die mit der Aus-
gangsleitung (3b) des Blutkreislaufs (3) verbunden
ist, wobei die genannte Infusionsleitung (6) weiter
andere Auswahlmittel (25) umfasst, um den Fluss-
anteil in der Nachinfusionsverzweigung (24) und der
Vorinfusionsverzweigung (23) zu bestimmen.

Maschine nach Anspruch 17, dadurch gekenn-
zeichnet, dass die anderen Auswahimittel (25) ne-
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ben einem Verzweigungspunkt (26) der Infusions-
leitung angeordnet sind, die sich in Vorinfusionsver-
zweigung (23) und Nachinfusionsverzweigung (24)
teilt.

Maschine nach Anspruch 17, dadurch gekenn-
zeichnet, dass die anderen AuswahImittel (25) min-
destens zwischen einer ersten Betriebsbedingung,
in welcher sie den Fluiddurchgang in der Infusions-
verzweigung (23) ermdglichen und den Durchgang
in der Nachinfusionsverzweigung (24) sperren, und
mindestens einer zweiten Betriebsbedingung, in
welcher sie den Fluiddurchgang in der Nachinfusi-
onsverzweigung (24) ermdglichen und den Durch-
gang in der Infusionsverzweigung (23) sperren, po-
sitioniert sein kdnnen.

Maschine nach Anspruch 17, wenn er vom Anspruch
6 abhangig ist, dadurch gekennzeichnet, dass die
Vorinfusionsverzweigung (23) von der Nachinfusi-
onsverzweigung (24) stromaufwarts des gemeinsa-
men Endteils (11) ausgeht, beziglich einer Infusi-
onsrichtung (14).

Maschine nach irgendeinem der vorherigen Anspru-
che, dadurch gekennzeichnet, dass sie weiter ei-
nen Sammelbehalter (27) umfasst, der mit der Aus-
gangsleitung (4b) des Fluidkreislaufs (4) in Eingriff
steht.

Maschine nach irgendeinem der vorherigen Anspru-
che, dadurch gekennzeichnet, dass die Aus-
gangsleitung (4b) des Fluidkreislaufs (4) weiter Mit-
tel zum Fluidumlaufen umfasst, zum Beispiel eine
Ausgangsleitungspumpe (28), um den Fluss im Flu-
idkreislauf zu steuern.

Maschine nach irgendeinem der vorherigen Anspru-
che, dadurch gekennzeichnet, dass sie weiter Mit-
tel (29) zur Bestimmung des Gewichts mindestens
des genannten primaren Fluidbehalters (5) umfasst.

Maschine nach irgendeinem der vorherigen Anspru-
che, dadurch gekennzeichnet, dass sie weiter Mit-
tel (29) zur Bestimmung des Gewichts mindestens
des genannten zusatzlichen Fluidbehalters (7) um-
fasst.

Maschine nach Anspruch 1, dadurch gekennzeich-
net, dass sie weiter Mittel (29) zur Bestimmung des
Gewichts mindestens des genannten sekundaren
Fluidbehalters (20) umfasst.

Maschine nach Anspruch 21, dadurch gekenn-
zeichnet, dass sie weiter Mittel (29) zur Bestim-
mung des Gewichts mindestens des genannten
Sammelbehalters (27) umfasst.
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Maschine nach irgendeinem der Anspriiche 23 bis
26, dadurch gekennzeichnet, dass die genannten
Mittel (29) zur Bestimmung des Gewichts mindes-
tens vier jeweilige Waagen (30; 31; 32; 33) umfas-
sen.

Maschine nach irgendeinem der vorherigen Anspri-
che, dadurch gekennzeichnet, dass sie weiter ei-
ne Verarbeitungseinheit (40) umfasst, die auf den
Blutkreislauf (3), auf den Fluidkreislauf (4) und auf
die Infusionsleitung (6) so wirkt, dass ihre jeweiligen
Flisse gesteuert werden kénnen.

Maschine nach Anspruch 28, dadurch gekenn-
zeichnet, dass die Verarbeitungseinheit (40) aufdie
zusatzliche Vorinfusionsleitung (18) wirkt.

Maschine nach Anspruch 28, dadurch gekenn-
zeichnet, dass die Verarbeitungseinheit (40) durch
Steuerung der Eingangsleitungspumpe (9) und/oder
der Infusionspumpe (13) und/oder der Blutpumpe
(21) und/oder der Ausgangsleitungspumpe (28)
und/oder der zusatzlichen Vorinfusionspumpe (19)
wirkt.

Maschine nach Anspruch 28, wenn er vom Anspruch
17 abhangig ist, wenn er vom Anspruch 10 abhangig
ist, dadurch gekennzeichnet, dass die Verarbei-
tungseinheit (40) auf die Auswahlmittel (16)
und/oder auf die anderen AuswahlImittel (25) wirkt.

Maschine nach Anspruch 28, wenn er vom Anspruch
27 abhangig ist, dadurch gekennzeichnet, dass
der Verarbeitungseinheit (40) ein Signal betreffend
die Gewichte geliefert wird, die durch die Mittel (29)
erfasst werden, und insbesondere ein Gewichtssig-
nal, das durch die Waagen (30; 31; 32; 33) erfasst
wird.

Maschine nach Anspruch 28, dadurch gekenn-
zeichnet, dass die Verarbeitungseinheit (40) aufdie
Drucksensoren (34, 36, 39) und gegebenenfalls auf
den Blasensensor (37) und auf das Flusssperrele-
ment (38), und beispielsweise auch auf die Vorrich-
tung (35) zur Verabreichung von Heparin wirkt.

Revendications

1.

Appareil de traitement extracorporel
comprenant :

du sang

- au moins une unité de filtration (2) ;

- un circuit de sang (3) ayant au moins une con-
duite d’entrée (3a) conduisant a 'unité de filtra-
tion et une conduite de sortie (3b) depuis l'unité
de filtration, le circuit de sang (3) comprenant
au moins une pompe de sang (21) pour réguler
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I’écoulement du sang dans le circuit ;

- un circuit de liquide (4) ayant au moins une
conduite d’entrée (4a) conduisant a l'unité de
filtration et une conduite de sortie (4b) depuis
I'unité de filtration, la conduite d’entrée (4a) du
circuit de liquide (4) comprenant au moins une
ramification de perfusion (8) reliée au circuit de
sang (3) ;

- au moins une conduite de perfusion (6) reliée
au circuit de sang (3) ;

- au moins un récipient de liquide primaire (5)
relié afin d’alimenter la conduite d’entrée (4a)
du circuit de liquide (4) ;

- une pompe de perfusion péristaltique (13),
pourréguler I'écoulement du liquide dans la con-
duite de perfusion (6) ;

- au moins un récipient de liquide auxiliaire (7)
pour alimenter ladite conduite de perfusion (6),

caractérisé en ce qu’il comprend en outre :

- une conduite de pré-perfusion auxiliaire (18)
reliée a la conduite d’entrée (3a) du circuit de
sang (3), la conduite de pré-perfusion (18) fonc-
tionnant en amont de la pompe de sang (21) par
rapport a un sens de circulation du sang (22), la
conduite de pré-perfusion auxiliaire (18) com-
prenant au moins une pompe de pré-perfusion
auxiliaire péristaltique (19) pour réguler I'écou-
lement du liquide et

- au moins un récipient de liquide secondaire
(20) pour alimenter ladite conduite de pré-per-
fusion auxiliaire (18).

Appareil selon la revendication 1, caractérisé en ce
que la conduite de perfusion (6) est reliée a la con-
duite de sortie (3b) du circuit de sang (3).

Appareil selon la revendication 1, caractérisé en ce
que la ramification de perfusion (8) est reliée a la
conduite de sortie (3b) du circuit de sang (3).

Appareil selon la revendication 1, caractérisé en ce
que la conduite d’entrée (4a) du circuit de liquide (4)
comprend un moyen de transport du liquide, par
exemple au moins une pompe de conduite d’entrée
(9), pour réguler I'écoulement du liquide.

Appareil selon la revendication 4, caractérisé en ce
que la ramification de perfusion (8) du circuit de li-
quide (4) est placée en aval de ladite pompe de con-
duite d’entrée (9) parrapport a un sens de circulation
du liquide (10).

Appareil selon I'une quelconque des revendications
précédentes, caractérisé en ce que la ramification
de perfusion (8) du circuit de liquide (4) et la conduite
de perfusion (6) sont munies d’une longueur d’ex-
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trémité commune (11) laissant entrer dans le circuit
de sang (3).

Appareil selon I'une quelconque des revendications
précédentes, caractérisé en ce qu’il comprend en
outre un dispositif de séparation de gaz (12) engagé
sur la conduite de sortie (3b) du circuit de sang (3).

Appareil selon la revendication 7 lorsqu’elle dépend
de larevendication 6, caractérisé en ce que la lon-
gueur d’extrémité de prélevement (11) fait perfuser
le liquide directement dans ledit dispositif de sépa-
ration (12).

Appareil selon la revendication 6, caractérisé en ce
que la longueur d’extrémité commune de préléve-
ment (11) est placée en aval de la pompe de perfu-
sion (13) par rapport a un sens de perfusion (14).

Appareil selon 'une quelconque des revendications
précédentes, caractérisé en ce que la conduite
d’entrée (4a) du circuit de liquide (4) comprend une
ramification de prélevement (15) conduisant a I'unité
de filtration (2), ledit circuit de liquide (4) comprenant
en outre un moyen de sélection (16) pour déterminer
les pourcentages de liquides qui s’écoulent a l'inté-
rieur de la ramification de perfusion (8) et de la ra-
mification de prélevement (15).

Appareil selon la revendication 10, caractérisé en
ce que le moyen de sélection (16) est placé pres
d’'une ramification (17) du circuit de liquide (4) se
partageant en ramification de prélevement (15) et
ramification de perfusion (8).

Appareil selon la revendication 10 ou 11, caractéri-
sé en ce que le moyen de sélection (16) peut étre
positionné au moins entre un premier état de fonc-
tionnement dans lequel il permet le passage de li-
quide dans la ramification de prélevement (15) et
bloque le passage dans la ramification de perfusion
(8), etun second état de fonctionnement dans lequel
il permet le passage de liquide dans la ramification
de perfusion (8) et bloque le passage dans la rami-
fication de prélevement (15).

Appareil selon la revendication 1, caractérisé en ce
que le récipient de liquide secondaire (20) alimen-
tant la conduite de pré-perfusion auxiliaire (18) est
congu pour contenir un anticoagulant.

Appareil selon I'une quelconque des revendications
précédentes, caractérisé en ce que la conduite de
perfusion (6) comprend en outre au moins une ra-
mification pré-perfusion (23) reliée a la conduite
d’entrée (3a) du circuit de sang (3).

Appareil selon la revendication 14, caractérisé en
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ce que la ramification pré-perfusion (23) fonctionne
en aval de la pompe de sang (21) par rapport a un
sens de circulation du sang (22).

Appareil selon la revendication 14, caractérisé en
ce que la ramification pré-perfusion (23) est placée
en aval de la pompe de perfusion (13) par rapport a
un sens de perfusion (14).

Appareil selon la revendication 14, caractérisé en
ce que la conduite de perfusion (6) comprend une
ramification post-perfusion (24) reliée a la conduite
de sortie (3b) du circuit de sang (3), ladite conduite
de perfusion (6) comprenant en outre un autre
moyen de sélection (25) pour déterminer le pourcen-
tage d’écoulement a lintérieur de la ramification
post-perfusion (24) et de la ramification pré-perfu-
sion (23).

Appareil selon la revendication 17, caractérisé en
ce que 'autre moyen de sélection (25) est placé pres
d’une ramification (26) de la conduite de perfusion
se partageant en ramification pré-perfusion (23) et
ramification post-perfusion (24).

Appareil selon la revendication 17, caractérisé en
ce que I'autre moyen de sélection (25) peut étre po-
sitionné au moins entre un premier état de fonction-
nement dans lequel il permet le passage de liquide
dans la ramification de perfusion (23) et bloque le
passage dans la ramification post-perfusion (24), et
au moins un second état de fonctionnement dans
lequel il permet le passage de liquide dans la rami-
fication post-perfusion (24) et bloque le passage
dans la ramification de perfusion (23).

Appareil selon la revendication 17 lorsqu’elle dé-
pend de la revendication 6, caractérisé en ce que
la ramification pré-perfusion (23) commence a partir
de la ramification post-perfusion (24) en amont de
la longueur d’extrémité commune (11) par rapport a
un sens de perfusion (14).

Appareil selon I'une quelconque des revendications
précédentes, caractérisé en ce qu’il comprend en
outre un récipient de collecte (27) engagé au niveau
de la conduite de sortie (4b) du circuit de liquide (4).

Appareil selon I'une quelconque des revendications
précédentes, caractérisé en ce que la conduite de
sortie (4b) du circuit de liquide (4) comprend en outre
un moyen de circulation de liquide, par exemple une
pompe de conduite de sortie (28), pour réguler
I'’écoulement a 'intérieur du circuit de liquide.

Appareil selon I'une quelconque des revendications
précédentes, caractérisé en ce qu’il comprend en
outre un moyen (29) de détermination du poids d’au
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moins ledit récipient de liquide primaire (5).

Appareil selon I'une quelconque des revendications
précédentes, caractérisé en ce qu’il comprend en
outre un moyen (29) de détermination du poids d’au
moins ledit récipient de liquide auxiliaire (7).

Appareil selon la revendication 1, caractérisé en ce
qu’il comprend en outre un moyen (29) de détermi-
nation du poids d’au moins ledit récipient de liquide
secondaire (20).

Appareil selon la revendication 21, caractérisé en
ce qu’il comprend en outre un moyen (29) de déter-
mination du poids d’au moins ledit récipient de col-
lecte (27).

Appareil selon I'une quelconque des revendications
23 a 26, caractérisé en ce que ledit moyen (29) de
détermination du poids comprend au moins quatre
graduations respectives (30 ; 31 ; 32 ; 33).

Appareil selon 'une quelconque des revendications
précédentes, caractérisé en ce qu’il comprend en
outre une unité de traitement (40) agissant sur le
circuit de sang (3), sur le circuit de liquide (4) et sur
la conduite de perfusion (6), permettant ainsi a leurs
écoulements respectifs d’étre régulés.

Appareil selon la revendication 28, caractérisé en
ce que |'unité de traitement (40) agit sur la conduite
de pré-perfusion auxiliaire (18).

Appareil selon la revendication 28, caractérisé en
ce que l'unité de traitement (40) agit en régulant la
pompe de conduite d’entrée (9) et/ou la pompe de
perfusion (13) et/ou la pompe de sang (21) et/ou la
pompe de conduite de sortie (28) et/ou la pompe de
pré-perfusion auxiliaire (19).

Appareil selon la revendication 28 lorsqu’elle dé-
pend de la revendication 17 lorsqu’elle dépend de
la revendication 10, caractérisé en ce que l'unité
de traitement (40) agit surle moyen de sélection (16)
et/ou sur l'autre moyen de sélection (25).

Appareil selon la revendication 28 lorsqu’elle dé-
pend de la revendication 27, caractérisé en ce que
'unité de traitement (40) est entrée avec un signal
concernant les poids détectés par le moyen (29), et
en particulier un signal de poids détecté par les gra-
duations (30 ; 31; 32; 33).

Appareil selon la revendication 28, caractérisé en
ce que l'unité de traitement (40) agit sur les capteurs
de pression (34, 36, 39) et de maniére possible sur
le capteur de bulle (37) et sur I'élément de fermeture
d’écoulement (38), et par exemple également sur le
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dispositif (35) d’administration d’héparine.
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